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term intensive treatment of chronic schizophrenic Phenothiazine patients, and several ocular effects caused by its (Ayd, 1961) . Blurred vision, due to an CH2-CH2-CH2-l atropine-like action causing a temporary paras lysis of accommodation, has been reported Thioridazine (Sinha and Mitra, 1955; Giacobini and Lassenius, intra-ocular damage in animals caused by meth-N P 207 rj( 3j oxalan, a photosensitizing agent which is a N C1 phenothiazine derivative, suggested that chlor-CH2 promazine was potentially capable of causing cH2 similar damage. This led Bock and Swain (1963) CH3 to investigate nineteen patients under 55 years of FIG. 1.-Chemical structure of substances age who had received at least 200 mg. chlorpro-mentioned. mazine daily. They observed two cases of raised intra-ocular pressure and queried its significance. They reported no corneal or lens changes attributable to the drug, although they did mention that one 50-year-old patient had "powdery white spots" on the anterior capsule in the central pupillary area.
It is only since the report of Greiner and Berry (1964) that the long-term effects of chlorpromazine therapy on the eye have been appreciated; they noticed a peculiar pigmentation of the skin in seventy patients, all women, out of many thousands who had been receiving large doses of chlorpromazine, averaging 500 to 1,500 mg. daily. This skin pigmentation was very marked in 21 patients and twelve of these were found to have visible corneal and lens opacities.
Since then several reports of ocular changes have been published, mainly from North America, where the drug has been given in larger doses than in Great Britain (Feldman and Frierson, 1964; Zelickson and Zeller, 1964; Greiner, Nicolson, and Baker, 1964; deLong, Poley, and McFarlane, 1965; Wetterholm, Snow, and Winter, 1965; Barsa, Newton, and Saunders, 1965; Ban and Lehmann, 1965) . The only British reports are those of Cairns, Capoore, and Gregory (1965) and Mathalone (1965) .
Skin Pigmentation
In normal skin melanin is found in the epidermis, and becomes more evident in light-skinned subjects on exposure to sunlight. Phenothiazine derivatives are known to cause dermatological conditions which include contact sensitivity, generalized eruption, and photosensitivity; the latter can occur after brief exposure to sunlight. The skin pigmentation of chlorpromazine-treated patients reported by Greiner and Berry and other workers ranged in intensity from a violaceous hue through a metallic slate-grey colour to black discoloration, as seen in some patients in North America who had received very large doses for long periods. This pigmentation is restricted to exposed areas of the body, chiefly the face, neck, and hands. Skin biopsies on these patients have usually shown pigment in the superficial areas of the dermis in perivascular macrophages, whereas in photosensitized patients the pigment is said to be in the epidermis.
In view of these reports of skin and eye changes a clinical survey of patients treated with chlorpromazine was undertaken in England, and 462 patients in seven mental hospitals were examined for changes in the eyes and skin. Most of these patients had been on long-term chlorpromazine therapy; the remainder, serving as controls, had received either other forms of treatment or none. Since lens changes reported in the patients taking chlorpromazine are characteristic and quite different from senile changes, it was not thought necessary to exclude patients in the older age groups.
Method of Investigation
After an examination of their treatment records, the 462 patients (316 male and 146 female) were classified into four groups: I. Patients who had received 300 mg. chlorpromazine or more daily for 2 years or longer.
II. Patients who had received less than 300 mg. daily for 2 years or longer.
III. Patients who had received the drug in any dosage for one year or less.
IV. Schizophrenic patients serving as controls, who had not received chlorpromazine. They were receiving either no drugs or other phenothiazine derivatives and/or other psycho-corrective compounds.
Ocular investigation consisted of an external examination for pigmentation of skin, conjunctiva, or sclera, measurement of pupil size and reaction, and examination of the cornea, lens, and vitreous, using a Gambs 1000 slit lamp. If any abnormality was detected, visual acuity and accommodation were estimated, if possible, and the fundus was examined after dilatation of the pupil. Measurement of the ocular tension using a weighted tonometer was made in some cases, and gonioscopy was performed in a few of the more severelyaffected patients. Electro-oculography (EOG) was carried out on cases selected at random. EOG, visual fields, and dark-adaptation tests were carried out on patients showing pigmentation of the retina if they were sufficiently co-operative.
Catecholamines were estimated in the urine of patients selected at random in view of the work of Scott and Nading (1961) , which suggested that a pituitary influence might be involved. Several phenothiazine derivatives are known to release melanocyte-stimulating hormone (MSH) from the pituitary in animals. It is possible that an altered excretion of catecholamines resulting from the effect of chlorpromazine on the adrenal hormones may stimulate increased MSH production from the pituitary gland leading to increased pigmentation.
Routine liver function tests were performed in a number of cases in each centre.
Results
Pigmentation.
-There was evidence of photosensitization in exposed areas of skin in many patients, the degree of pigmentation depending upon the extent of exposure to sunlight and varying from patient to patient.
Three patients showed pigmentation of a different type, viz. a slate-grey coloration of the exposed parts of the face, neck, and hands. This was quite obvious, although not as marked as in some of the illustrations of North American patients on high dosages of chlorpromazine. Although this pigmentation and that due to photosensitivity involve the same areas they are not necessarily related. Exposure to sunlight probably played little part in the development of the pigmentation in the most severely-affected patient because he had an indoor occupation and was seen in early spring.
Histopathological studies on skin biopsies using differential staining techniques suggest that this pigment is melanin, but it has not yet been identified; it might be a lipofuscin or a melanin/diagonal chlorpromazine complex. The metabolism of chlorpromazine in man has not been completely elucidated and it is possible that the formation of this dermal pigment involves one or more of its metabolites. Several theories have been advanced to explain the mechanism involved (Greiner and others, 1964; Ban and Lehmann, 1965) . All three patients with the slate-grey pigmentation had corneal and lens changes. A more detailed report of the skin changes is in preparation.
Approximately 10 per cent. of patients showed some conjunctival pigmentation, but the significance of this is doubtful as many normal people show patches of similar pigmentation. No scleral pigmentation was seen.
Visual Acuity.-In all patients with no other obvious cause for poor vision this could be corrected to 6/9 or better. Accommodation was normal in those cases in which it was tested.
Pupils.-No significant effect on the pupils was noticed in this series. Among patients in similar age groups examined in similar lighting conditions some had large pupils (7-8 mm.) and a few had small pupils (2 5-3 mm.). However, these patients did not appear to have any defect in accommodation and their pupils reacted briskly.
In two patients not already receiving chlorpromazine the drug was given by intramuscular injection in doses of 25 and 50 mg. respectively. No change in pupil size or reaction was noticed during the first hour after the injection.
Comeal Changes.-These were seen only in patients showing lens changes (Table I) . They consisted of white or yellowish-white deposits situated mainly centrally in the palpebral fissure and at the level of the endothelium and sometimes encroaching into the adjoining posterior stroma (Figs 2 and 3, colour plate, overleaf) . Only in one severely-affected case was a major part of the stromal substance involved. These findings correspond closely to those reported by deLong (1965). Lens Changes.-The incidence is shown in Table I . They consisted of granular deposits occurring bilaterally and centrally. The majority of affected patients had lesions more or less circular in the pupillary aperture with one or more spikes or projections. These granules could only really be seen using the slit lamp. In some more severely affected patients a star-shaped lesion could be seen. The granules were larger and more discrete than in the less severely affected patients, and sometimes the stellate patterns seemed to be superimposed over the circular lesion. These could be seen ophthalmoscopically (Figs 4, 5, and 6, colour plate, overleaf; and Fig. 7 , overleaf, p. 90).
All lesions were situated at the level of the anterior capsule and adjoining subcapsular areas. In some cases granules were seen in the lens substance behind the superficial layer; they were yellowish-white in appearance, a few being golden or brown.
Two patients under the age of 55 years also had anterior cortical cataract, but it is not known if this was related to chlorpromazine. Potts (1962a, b) found that the radioactive material concentrated in uveal tissue. Whereas, in the rabbit uvea, chlorpromazine was concentrated to a greater extent than prochlorperazine, this difference was reversed in the hamster. In the case of prochlorperazine, the rabbit ciliary body showed a higher concentration than the lens; the reverse was again found with chlorpromazine. Potts suggested that these differences must be based on compound specificity. Since the nature and extent of deposition in these tissues vary from one phenothiazine derivative to another, it is possible that eye changes in man are more likely to occur with certain compounds. Potts (1962a) also found that albino rabbits did not show the uveal concentration phenomenon.
Choroido-retinopathy in man has been reported by only one author (Siddall, 1965 ) in a few cases on very large doses of chlorpromazine. He stated the critical dose to be 2,400 mg./day for 24 months, preceded by other smaller doses.
In the present series, two patients showed abnormal retinal pigment.
(1) A schizophrenic man aged 53 showed no effect on the visual function. His visual acuity was 6/9 in the right eye and 6/6 in the left unaided. Peripheral fields and dark-adaptation tests were normal. The BOG showed LIGHT RISE x 100 = 225, i.e. within normal limits. The disc and DARK TROUGH retinal vessels appeared normal.
(2) A schizophrenic woman aged 58 had been receiving large doses of thioridazine (Melleril) a year previously. The maximum dosage was 1,200 mg. daily and the drug had been used for over one year. She had also received large doses of several other phenothiazines. Her corrected visual acuity was 6/12 in the right eye and 6/24 in the left with a pinhole. The EOG was flat. She would not co-operate sufficiently to enable peripheral fields and dark-adaptation tests to be done. The fundus showed a normal-looking disc and vessels, but areas of pigmentation and depigmentation were present. These appearances are very similar to those described by de Margerie (1962) (Fig. 8 , colour plate, opposite).
In thirteen cases taken at random an EOG was done (Table II, p. 91) . Although some of these values are low, they are probably all within the lower limit of normal, but for an accurate statistical evaluation a much larger series is required. These patients have been taken off chlorpromazine and the test will be repeated after a year. Ocular Tension.-This was measured in the first 150 cases and was less than 22 mm. Hg (Schiotz) in all of them. Applanation tonometry was carried out in some twenty of the more severely affected cases and readings corresponded to the Schi6tz readings using the 5 5 and 10 g. weights. Gonioscopy in three of the most severely affected cases showed a normal open angle with no accumulation of pigment.
Dosage.-The relationship between dosage and incidence of ocular effects is not as marked as in deLong's series, but there is some indication that patients who have had a larger amount of the drug are more likely to be affected. It appears that some subjects are more resistant than others, for several patients were seen who were receiving fairly large doses but showed no sign of ocular deposits.
Duration of Treatment.-Most patients in whom ocular changes were found had received chlorpromazine for several years, but one showed slight lens changes after less than one year's treatment. To the best of our knowledge, this patient had not received the drug previously.
It must be stressed that in some cases it was very difficult to obtain an accurate estimate of how much chlorpromazine had been taken. Many patients had been treated in more than one mental hospital and also by their general practitioners. The amounts recorded in the Tables represent the minimum dose that could have been received. Sex Ratio.-The patients described by Greiner and others (1964) were all female, and he wondered if there were a hormonal factor. However, in this series the incidence of ocular changes was similar in both sexes (Table III) .
Laboratory Investigations.-Catecholamine estimations showed no abnormality. Liver function tests were occasionally depressed, consistent with the chlorpromazine therapy.
Discussion
It appears from this investigation that many patients treated with chlorpromazine for long periods show characteristic lens and corneal changes. No changes of this type were seen in a control series of schizophrenic patients not receiving chlorpromazine. These changes did not appear to have any marked effect on visual function, and so far retinal dysfunction has been described by only one author in patients receiving very large doses of the drug.
Because of the site of the lesions in the anterior part of the lens and the back of the cornea there is, as deLong suggests, a strong implication that either the drug, or some metabolite present in the anterior chamber, is responsible for the ocular signs. Photosensitivity may also play a contributory part.
The majority of the affected cases have received more than 300 g. of the drug over a long period and it appears that the changes follow long-term rather than shortterm treatment. In view of the highly beneficial effect of the drug on a large number of very disturbed patients, it is important to decide in a particular case whether it should be discontinued or used in reduced dosage with or without other psychocorrective agents.
In an attempt to clarify the situation, two investigations have been started:
(1) Several patients, including the ones with skin involvement, have been taken off all phenothiazine derivatives. They will be reviewed after one year, together with those in whom treatment is being continued as before.
(2) An attempt is being made actively to reverse the ocular changes by the administration of D-penicillamine-amino mercapto isovaleric acid-an amine which is a fundamental part of the penicillin molecule. Penicillamine is an oral chelating agent and has been used in the treatment of Wilson's disease, certain metal intoxications, and cystinuria.
A chelating agent is a compound which, in addition to forming ordinary covalent or ionic bonds with heavy metals, is able to form a second co-ordinate bond with them through another reactive centre so placed that the end-result is a new and stable ring.
Melanin contains copper and at least two other heavy metals. Tyrosinase, an enzyme involved in the synthesis of melanin, also contains copper. It is hoped that D-penicillamine will bind the copper ions required for tyrosinase action and later remove some of the existing pigmentation.
No cases of completely reversed ocular changes have yet been reported, and because of the limited blood supply to the cornea and lens, it is reasonable to suppose that any change that might occur would be very slow. Greiner and others (1964) have reported encouraging results from the use of penicillamine in an attempt to reverse the skin pigmentation.
The results of this study will be reported subsequently. It will be interesting to see if the lens and ocular changes can be reversed, although such therapy, if effective, will probably be rarely necessary except in the most advanced cases. Summary 462 patients in seven mental hospitals in England were examined for eye and skin changes. Of those receiving more than 300 mg. chlorpromazine daily for 3 years or more, 36 per cent. showed lens changes and 17 per cent. showed corneal changes. These changes consisted of white and yellowish-white granules, most marked in the axial part of the lens and cornea; they were situated in the anterior capsule and adjoining subcapsular part of the lens, and in the posterior layers of the cornea.
No subjective or objective damage to retinal function could be determined. No abnormality in intra-ocular pressure was detected. Except for occasional complaints of slight blurring of vision no subjective ocular symptoms could be elicited. 
